In 1900 I became interested in what I called the "end result" idea, which was merely the commonsense notion that every hospital should follow every patient it treats long enough to determine whether or not the treatment has been successful, and then should inquire, "If not, why not?" with a view to preventing similar failure in the future.
My questions to the panel are: What has changed in the last 100 years? Are we documenting our end results? Have we gone wrong and, if so, where have we gone wrong?
Dr. James Herndon: Although Codman's ideas in this area were not well received at the time, today we do have some "end result" ideas. We have outcomes data, but I would argue that they are far too limited and not to the level required in the 21st century. I have asked myself many times why the surgical profession has not focused on this issue more than it has. I agree with Dr. [Joseph] Fins' comments in his presentation [see previous article in this supplement] that it would be nice to have a bottom-up approach rather than a top-down approach, but I do not see a change until we as physicians step up to the plate and make a change.
Why haven't we? There are a number of reasons. The malpractice climate in the United States has been one major factor. Surgeons fear disclosure. The relationship between a surgeon and the patient is professional and private, and physicians do not want transparency-they do not want their patient or anyone to know that an adverse event or bad outcome has occurred. Also, doctors, especially surgeons, are reluctant to use guidelines or follow protocols. I participated a number of years ago in an American Academy of Orthopaedic Surgeons project called MODEMS; it was an attempt to set up guidelines for orthopedic surgeons to manage back pain, shoulder pain, and other orthopedic conditions. By the time we fi nished we had accomplished nothing, because the protocols and guidelines were so extensive that almost any type of management for any patient would be compliant.
Additionally, hospitals in the United States have become more like for-profi t businesses, with a focus on short-term profi ts and with short tenures for their chief executive offi cers (CEOs)-4 or 5 years, on
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average. With nearly 50% of US hospitals bordering on bankruptcy, they are not able or willing to invest in major patient safety protocols and guidelines because the CEOs do not see a short-term benefi t to them. Witness the fact that only 15% of US hospitals have computerized physician order entry systems and electronic medical records. From what I have read, it takes about 5 years before a hospital recoups such investments from the resulting safety improvements and effi ciencies.
These are some, but by no means all, of the reasons we do not have appropriate outcomes in all specialty fi elds. My plea is that physicians lead the effort to measure and report outcomes down the road.
Dr. Lieberman: Dr. Hahn, why do you think we have not kept up with Dr. Codman's premise from 100 years ago?
Dr. Joseph Hahn: We hold a yearly Medical Innovation Summit at the Cleveland Clinic, and what has emerged from many of those meetings is a lack of interest in paying for outcomes analyses. The providers, the government, and industry all say that they do not have the money for these analyses. So the fi rst reason that Codman's premise has not been lived up to is that the source of funding remains undetermined. Second, most surgical innovations have been geared toward inventing devices to overcome very specifi c problems that arise during or following surgery rather than toward substantiating the worth of a procedure through collection of evidence. A third reason involves the pressure that investors place on industry to make money, which tends to lead to investments in getting products to market rather than outcomes research. With all of these factors and the pressures from so many directions, the surgical profession hasn't stepped back to thoroughly consider what we are doing to our patients and just how worthwhile it is.
Dr. Lieberman: Who do you think should be paying for outcomes analyses? Dr. Hahn: I think the government should. The role of government is to take care of its citizens. The Centers for Medicare and Medicaid Services (CMS) does its best with the information it has, but it admits that it pays for some procedures without knowing whether or not they are truly worthwhile. An example is the use of artifi cial discs in the cervical spine. I am sure that the artifi cial disc manufacturers made a case for their product to CMS by claiming it was associated with less pain and resulted in a superior outcome compared to fusion using bone from the hip, regardless of whether they had the scientifi c evidence to prove it. Dr. Lieberman: Dr. Fins, would you like to weigh in on Codman's "end result" premise?
Dr. Joseph Fins: I would just point out that the history is not homogeneous. I have been involved in deep brain stimulation work, and the legacy of psychosurgery has been an egregious lack of outcomes studies, but now we do have outcomes studies and scales. For example, there is now the Yale-Brown Obsessive Compulsive Scale to rate the severity of symptoms in obsessive-compulsive disorder. In our deep brain stimulation study, 1 we are using a coma recovery scale, and the Food and Drug Administration's (FDA's) investigational device exemption (IDE) process requires us to produce outcomes data to protect potential subjects. It may be an example of neuropsychiatric exceptionalism that neurology and psychiatry are areas of increased focus while somatic therapies are somehow presumed to be okay.
Dr. Hahn: FDA may be requiring the outcomes data, but I have not heard that they are willing to pay for it.
Dr. Fins: You are correct.
Dr. Ali Rezai:
Part of the problem is the translation of rapid scientifi c discoveries and technological advances into the fi eld, and education has a role here. Surgeons' reluctance to integrate guidelines and outcomes measures into practice must be addressed very early in their training-in medical school-and then continued throughout residency and fellowship programs. The same early and continuing approach should be taken with respect to how to conduct and properly interpret a clinical trial.
Dr. Herndon:
That is a good point. Surgical education programs have slipped a bit in the past 5 to 10 years, at least in orthopedics. With the reductions in residents' work hours and the fast pace of residency programs, our residents spend most of their time in the operating room, struggling to master the multitude of procedures in orthopedics. As a result, they are not discussing outcomes or adequately following patients long-term after surgery. I have a hard time getting our faculty to bring residents into their offi ces so that the residents can examine patients and see why they are operating on certain kinds of patients, as well as the Dr. Rezai: Indications should be defi ned using a team-oriented approach. Part of the problem of psychosurgery in the past was that the surgeon was defi ning indications without collaborating with the psychiatrist. In my fi eld of deep brain stimulation and brain pacemakers, everything we have done for the past 20 years-surgery for Parkinson's disease, depression, obsessive-compulsive disorder, traumatic brain injury, epilepsy-has involved working closely with neurologists, epileptologists, brain injury specialists, psychiatrists, and psychologists to agree on indications. These teams also need to have close partnerships with ethicists. Teamwork is a vital aspect of proper development of an indication.
Dr. Hahn:
It has to be the clinicians who set forth the indications. Of course, that may be done by a team of clinicians, but as a surgeon I certainly do not want the manufacturers of an artifi cial disc telling me what they think the indications for an artifi cial disc are.
As for the role of patients, some of them are very well informed about their problem. I cannot tell you how many have shown up in my offi ce with reprints of articles I have written. This is a trend that has really mushroomed over the past 10 years. But even though patients are catching up, they are still at a disadvantage. Patients are going to have a say, but it is still the clinicians whose role is to decide the indications and then provide patients with a risk-benefi t analysis.
Dr. Herndon: I agree. Although patients are becoming more involved in the process, real shared decisionmaking has not yet happened in my fi eld.
More broadly, I feel that our professional organizations have to become more actively involved in the process of defi ning indications. Otherwise, after the innovators develop a device or procedure that will signifi cantly change the approach to a particular problem, it will enter the market at large without any critical assessment of the technology involved and without accounting for the learning curve for each individual surgeon. Take the example of minimally invasive total hip replacement, which involves a 1-inch incision in the front of the hip and a 1-inch incision in the back of the hip. The learning curve for this procedure appears to be about 40 cases, based on the opinion of experts around the country. Yet when this minimally invasive approach emerged, every surgeon who had been performing total hip replacements wanted this new operation at his or her fi ngertips because patients were demanding it. Some surgeons adopted it too quickly, without adequate training. I know one distraught surgeon who abandoned the procedure because of numerous failures during his fi rst 100 cases. He returned to the standard hip replacement approach.
Our profession cannot let this experience continue or proliferate. Yet the professional organizations in orthopedics have walked away from technology assessment because industry does not want it; technology assessment is not in industry's best interest. We have had a number of confl icts in our professional organizations when attempting to move technology assessment forward. It is also very expensive to do.
Finally, indications can sometimes be governed more by economics than by science. I was asked to It is important to try new technologies because the failure or complication rates may be reduced over time, but only if you evaluate the failures and then restrategize. 
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write a letter to the editor about two technologies for managing intertrochanteric fractures of the hip that were recently featured in the Journal of Bone and Joint Surgery. 2, 3 One technology involves a compression screw that has been shown to be effective in outcomes studies. The other is an intramedullary nail that has not been well studied and has no proven benefi t over the compression screw. In doing research for my letter, 4 I found that Medicare assigns more relative value units (RVUs) for the intramedullary nail than for the compression screw. In Boston, the total dollar difference in RVUs between the two is $300: the surgeon makes $1,500 for the procedure that involves the intramedullary nail versus $1,200 for using the compression screw. Not surprisingly, use of the intramedullary nail has been climbing rapidly in the United States without any evidence to justify its use over the other, less expensive technique.
CREDENTIALING: CAN IT KEEP PACE WITH INNOVATION?
Dr. Fins: I agree that surgical competence and regulation-self-regulation or professional regulation-are big issues. One of my greatest fears is that surgeons will do procedures they are not trained to do, and cause great harm as a result. We are hearing about this now with the resurgence of psychosurgery in China.
It strikes me as interesting that the fi eld of neurosurgery is as yet undifferentiated and that there is no subspecialty certifi cation in stereotactic neurosurgery. This is in contrast to invasive cardiology on the medical side, where physicians who do catheterizations and electrophysiologic studies have special additional training.
As innovations develop, we have to track qualifi cations and credentialing along the way. There should be provisions to grandfather surgeons in if they are in a post-training point in their career, but we have to ensure that the new technology is matched by the operator's skill. This is particularly pertinent in light of the concept of "surgical proximity" 5 and the importance of the individual operator; this is not comparable to just disseminating a new drug.
Dr. Lieberman: Who should do the credentialing? Should it be the government or our profession? Dr. Fins: Recertifi cation or credentialing should be by peers-the American College of Surgeons and the surgical boards. Of course, funders or payors may request an additional level of certifi cation to do certain procedures, which I would endorse as a safety measure and to help ensure a minimal standard of care for innovative interventions.
Dr. Hahn: But it is not so simple. There is a blurring of surgical expertise once surgeons complete their training. Spine surgery used to be done by either neurosurgeons or orthopedic surgeons; now we have spine surgeons. What we neurosurgeons started to see with that change was that our neurosurgery trainees were being told they could not get on hospital staffs because they did not have credentials in spine surgery or, to take another example, in pediatric surgery. Well, the neurosurgery board made a conscious decision to not offer certifi cates of added qualifi cation (CAQs). We challenged the hospitals in court and won. But the overriding message is that it is all about economics.
Dr. Herndon:
In orthopedics we now have two CAQs-one in hand surgery and one (starting in 2009) in sports medicine. The hand surgeons have not noticed any adverse effect because they do not generate as much revenue as the spine surgeons do. Most orthopedic surgeons start as general orthopedists and then change their practice characteristics as their practices mature. Over time they may focus on one particular area, such as arthroscopic knee surgery or total hip or knee replacement, which makes it diffi cult for them to pass a general orthopedic examination. Our board recognized this trend and developed oral and written board exams with case reviews concentrating on the surgeon's self-chosen specialty. We do not need the CAQs because they have been misused, and we as a profession have been letting others misuse them. Again, I think we need to get back to controlling the process ourselves.
Dr. Hahn:
What do you do when a surgeon has fi nished training and then becomes interested in performing a new procedure developed since the time of his or her training? This can really be a challenge when the surgeon hears of a new procedure, goes and takes a 3-day training seminar on it, and comes back believing that he or she is ready to perform the procedure. I have had creative surgeons on staff who want to try a new procedure but have never done any cases, believing that the new technology alone will suffi ce. What we fi nally decided to do in these instances was There is a learning curve for every operation, and learning on one's own, at the expense of patients, is not appropriate.
-Dr. James Herndon to put in place other staff to proctor these cases to ensure that no harm was coming to patients. Beyond that, it is diffi cult to say what an acceptable level of risk is without a particularistic clinical trial. Whatever the risk of an intervention, the assessment of the risk must account for regional variation, variation among surgeons, and also systems issues.
Dr. Herndon:
The Institute of Medicine report, To Err is Human, attributed medical errors to faulty systems, processes, and conditions. So when we think about errors and risk, we have to consider more than just the individual operator. Just as To Err is Human analogized medical errors to airplane crashes, we might think of surgical retraining in the context of how pilots get retrained using fl ight simulators. If pilots have not fl own a particular aircraft in a long time, they lose their fl ight certifi cation for that type of craft and then must be retrained to operate it.
As surgical technology gets more advanced, specifi c, and nuanced, the discordance between one's training and the potential things one can do becomes greater. Paradoxically, innovation can at least potentially make situations more dangerous in that the operator may not be able to perform the task with the improved technology. For example, pilots who know how to fl y a Cessna can fl y another simply constructed plane, but if they attempt to fl y a higher-technology aircraft, like an F-16, they have a greater risk of having a catastrophic event even though the F-16 fl ies better, faster, and higher. Dr. Rezai: It is a complex question, of course, and a number of variables come into play. Whether or not the patient's condition is life-threatening or disabling is a very important factor in the risk-benefi t ratio. Regulatory guidance from the FDA is strong with respect to defi ning device-related adverse effects as serious or nonserious, and our peers, both surgeons and nonsurgeons, help to further dictate the risk and tolerability of a procedure and its alternatives. For example, in considering a surgical procedure, one must weigh its risk against the risks of medications to treat the disorder, such as side effects, the ease of medication adherence, and the number of emergency room visits that may result from adverse effects of the medications.
Determining acceptable risk rests fundamentally and fi rst with the patient and then with the surgeon and his or her peers (surgeons and nonsurgeons) in conjunction with regulatory components and oversight. All of these factors contribute.
In 
ETHICAL DILEMMAS ARISING FROM NEW OPTIONS Question from audience:
In my specialty, we have a non-life-threatening condition with a well-established 25% recurrence rate after traditional surgery with sutures, and a 25% rate of reoperation. A device comes along and it improves the outcomes so that the recurrence rate declines to 10%, but along with the extra costs of doing the procedure with the device, there is also a complication rate of about 10% that requires reoperation with the device, and a few of those patients actually end up worse. Ethically, how should the clinician proceed in this situation? The old way, or the new way that improves outcomes but at a higher cost and risk? Dr. Fins: Based on the size of the populations, is the difference in the combined rates of recurrence and complications between the traditional and new methods (25% vs 20%) statistically signifi cant?
Response from questioner: The difference is probably not statistically signifi cant.
Dr. Fins:
Okay, so you are saying that the numbers are basically equal. That is the fi rst consideration, but there is a nuance to one of the variables, and that is an improvement in quality of life with one of the treatments. Measuring its signifi cance is subjective. A patient may place greater emphasis on quality of life than would somebody who is not a benefi ciary of the operation. That is why I said before that biostatistical input that goes beyond crude measures of mortality or reoperation rates can be very helpful. The risk of reoperation may be one that the patient is willing to take for a chance at an improvement in quality of life.
There is a wonderful book by Howard Brody called The Healer's Power 6 in which he writes about the physician's power to frame a question so as to engineer outcomes. While that is not something that Brody endorses, he does endorse the use of the physician's power to guide patients using good informed consent, providing direction without being so determinative that patients feel compelled to choose the physician's recommendation. Patients should be able to decline your recommendation while still having the benefi t of your counsel. And in a case like this, your counsel should include variables that may seem "softer" or more diffi cult to quantify than crude measures such as mortality or reoperation rates.
Dr. Rezai:
You have to compare multiple outcomes between the two approaches-surgical time, recovery time, patient quality of life (as assessed by scales), family quality of life, time to return to work, etc. I think it is important to try new technologies because the failure rate or the complication rate may be reduced over time, but only if you evaluate the Investigators and innovators must use their roles to leverage industry resources to perhaps pay for some of the care that innovative devices make possible.
-Dr. Joseph Fins failures and then restrategize. Only in doing so can you reduce risk, and if the benefi t profi le and the risk profi le prove to be good, then the new technology should be pushed forward.
Dr. Herndon:
If the volume of procedures performed by the surgeon is important with respect to outcomes with either one of these two procedures, that should be taken into account. Also, if a new procedure carries a higher complication rate than the traditional procedure, I think that more cohort studies from large centers are needed to gauge the true complication rate before the new technology enters the general market. Continued surveillance, such as with a postmarket registry of outcomes with these procedures, would also be helpful to make adjustments in the future if necessary.
Dr. Hahn:
If you looked at the early experience of Med tronic with pacers, you would be amazed at the number of deaths and complications that occurred during the fi rst 3 years. But we do not even think about that now.
CAN INNOVATION HAPPEN WITHOUT INCENTIVES?
Question from audience: Dr. Hahn alluded earlier to the infl uence of money. All of you on the panel are institutionally based, and you are used to practicing with colleagues. I would suggest that surgery today is really not an individual sport, but that is the way it is practiced in much of the nation. Would we be better off if we developed a system that removed us from direct fi nancial infl uence? Can we get the money out of the equation so that people have motives other than direct personal gain?
Dr. Hahn: I went to an institutional review board (IRB) retreat that included, of course, some IRB members who were not clinicians. They asked the same question that you just did: Why would you even expect to get anything for what you invent? I think that is naïve. People who work hard and invent things deserve to reap a reward. The challenge lies in working with industry, which may try to convince us to use its innovations without our input, as opposed to working with us to identify a clinical problem and trying to solve it together. In that way, the end product and the logic behind its use will be better.
I will give you an example from when I was head of surgery here. A company made a voice-activated table that would obey the surgeon's commands, such as "left," "right," "up," or "down." I asked the representative why such a product was needed, and he responded that the surgeon wants to be in total control of the operating room. I told him we do not change the position of the table very often. After a 2-week trial, the table was a dud. He fi red the entire group that was working on the project. It was a case of a company simply trying to come up with a product it could sell. The opposite scenario is if I invent the latest and greatest stent for the carotids and I want to use it. The question becomes how to strike a balance: how to protect the patients while at the same time rewarding the inventor. Another challenge is that device companies want you to stay on their scientifi c advisory board and they will pay you for it.
These questions are a big concern, and we have spent a lot of time on these issues at Cleveland Clinic. In fact, we held our own conference on biomedical confl icts of interest in September 2006 with attendees from around the country to discuss the necessary fi rewalls for ensuring that data are not contaminated, that the surgeon-inventor does not fudge data so that his innovation will make it to the marketplace, etc. At that conference, a number of people spoke about Vioxx. I am a surgeon, and my take on the COX-2 inhibitors is that a lot of my patients take these drugs and think they are wonderful, but there are some problems and risks. What is wrong with explaining to patients the risks and complications of these drugs, making your own recommendation about their use (unless you are receiving money from their manufacturers, which you would need to disclose to patients), and then letting patients make their own informed decisions? Personally, I was on Bextra for 3 years and was furious when it was pulled from the market because nobody gave me a choice whether or not to continue using it.
Dr. Lieberman: Let's explore this concept a little deeper. We know that innovation is so important, but how do we encourage clinicians to innovate in this environment? Dr. Hahn, you served as chairman of CC Innovations, which is Cleveland Clinic's technology commercialization arm. What were some of the strategies you came across in that role?
We owe it to our patients to work on their problems. We also owe it to them to tell them when we are working with industry on a product and explain why we think it would work in their case, if we think it would.
-Dr. Joseph Hahn
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Dr. Hahn: We look for creative staff. We tell them up front that we want them to come to Cleveland Clinic and invent things. Our mission is literally to work on problems and take solutions to our patients. The culture here is meant to be creative. As a part of that culture, we welcome working with industry, as opposed to industry thrusting its innovations on us.
We are averaging more than 200 invention disclosures per year. More than 500 of our staff are involved with various industrial partners, and we are not going to hide that. In fact, we are going to make it public. The thought is that we owe it to our patients to work on their problems. At the same time, we owe it to our patients to say when we are working with industry on a particular product and explain to them why we think it would work in their case, if we think it would. While doing so, we need to make it clear that we will be happy to refer them for a second opinion if they would like. If I have a patient who wants a second opinion, I will offer to make the phone call for them and get them in. I think that is an advantage of the model we have here.
The reality is that there are some procedures that can only be done by one surgeon here, a surgeon who may have helped develop the procedure or some technology involved in it. Are we going to tell that surgeon that he or she cannot perform the procedure on anyone? That does not make sense. So you need to have a management plan that puts in place fi rewalls to protect the data on that procedure from any possible contamination.
So yes, we do reward staff who are doing innovation, and we do work with industry, and we do tell our patients we are doing it, and we do build fi rewalls to protect the data. On the other hand, industry support can sometimes prove to be a disincentive to innovation in that it may engineer certain kinds of research or deprive investigators of tools they may need to do more basic science types of research. It is an academic freedom issue. At a translational level, industry may be helpful and catalytic. But sometimes it pushes an investigator to work for a short-term innovative application at the expense of a more speculative, riskier innovation.
We need to acknowledge that industry collaborations are part and parcel of the universe and focus on working with industry to moderate its infl uences. At the same time, we must use our leverage on the investigative side of the equation to pursue academic freedom and to leverage industry resources to perhaps pay for some of the care that innovative devices make possible. For example, contracting agreements could be drawn up so that money came back to the populations that participated in a clinical trial, or to a community that otherwise may need the device but cannot afford it. I think we have to create some type of charitable impulse to moderate the excesses of the profi ts and use them for the common good.
Dr. Herndon: I would like to touch on disclosure. The orthopedic implant industry has been required by law to disclose its relationships with orthopedic surgeons, including the amount of money that surgeons may be getting from industry. This requirement has had unintended consequences that underscore the importance of disclosure. First, some of the monetary awards, whether market-driven or not, are quite excessive. Second, reviewing the contracts for royalties has led to the discovery that many are not supported by patents or intellectual property rights. Third, these disclosures have revealed that certain surgeons who work at major US institutions, and who thus have an obligation to pay the institution some of the monies from their research, have not disclosed their relationships for years and have kept those monies solely for themselves. So this disclosure requirement has brought many things to light. Dr. Rezai: As long as there is human disease and suffering, innovation will continue. It has in the past and it will in the future. Most innovators have it in their genes and in their blood. They can be taught to innovate, but they have to have the intrinsic curiosity and the creative mind to be an innovator. Institutional support of innovation is important, as is respect for Most innovators have it in their genes and in their blood. They can be taught to innovate, but they have to have the intrinsic curiosity and the creative mind to be an innovator.
-Dr. Ali Rezai
